C HRONIC health conditions are common in elderly persons, and multiple chronic conditions are to be expected (1) . Little, however, has been published on the prevalence, and even less on the incidence of Comorbidity among persons 65 years of age and older. Racial differences have been ignored. Focus has, rather, been on identifying those individual conditions most likely to result in death (2) or disability (3) (4) (5) , their relationship to demographic characteristics (6, 7) , and their effect on health service use (8) .
Studies have focused on a particular disorder, trying to identify the extent to which other conditions are also present, and the resulting implications for mortality. These conditions include breast cancer (9) , cardiovascular conditions (10), cerebrovascular disease (11) , intermittent claudication (12) , and diabetes (13) . Some of these studies have been done on specially selected groups (14) , or on patients in particular settings (15) ; others are regionally or nationally representative (10, 12, 16) . Although the medical relationships among certain health conditions are well established, statistical information on risk for Comorbidity is less common, and the relationship of demographic characteristics to Comorbidity has rarely been examined (16) , whereas the relationship of Comorbidity to mortality has been considered (9, 17) .
Given the relative dearth-of information on Comorbidity, our interest lies in assessing, for a limited number of primarily lifethreatening conditions, the extent of Comorbidity among older representative community residents, the demographic correlates of prevalent Comorbidity and the risk of incident Comorbidity, and determining the impact of these conditions and the comorbidity among them on mortality. Specifically, we will examine five conditions: coronary artery disease, cerebrovascular disease, and cancer (the three leading causes of death), diabetes (the fourth leading cause for Blacks and the sixth for Whites) (18) , and hypertension, one of the most prevalent health conditions in elderly persons (8) .
METHODS

Sample
Our data come from the Duke University site of the multisite National Institute on Aging (NIA)-funded Established Populations for Epidemiologic Studies of the Elderly (EPESE) program. This was designed as a 6-year (1986/87-1992/93) longitudinal study of community residents aged 65 years and older on whom information was obtained annually (19) .
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Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/55/2/M84/570774 by guest on 23 February 2019 A four-stage sampling design was used to obtain a probability sample of 4162 persons (80% of those contacted), aged 65 years or older, living in households in a five-county region in the Piedmont area of North Carolina. Blacks were oversampled and represent 54% of those participating in the study, as compared to 35% of the same age living in the community. Full details of sampling have been published previously (20) . Of the sample, 2259 (54%) were Black and 1905 (46%) were nonBlack. Of the latter, only 26 persons were neither Black nor White; they were excluded from analysis. Also excluded were 102 persons for whom information was missing on any of the variables at interest.
Information Available
Information on demographic characteristics and self-reported health conditions was gathered by an in-person interview at baseline. On each successive annual interview, sample members or their proxy respondents were asked whether, since last being interviewed, a doctor had told them that they had had a heart attack (here called coronary artery disease [CAD] ), diabetes, stroke (called cerebrovascular disease [CVD] ), or cancer, and at the triennial in-person interview, whether a doctor had ever told them that they had hypertension. Positive response to each of the initial questions was followed by further inquiry (into number, for heart attack and stroke; recency, for heart attack, hypertension, stroke, and cancer; residual effects, for stroke; prescribed medications, for hypertension and diabetes; and hospitalization, for heart attack, stroke, and cancer). Response to the initial question on physical report determined the presence of the condition. When cancer was reported, further questions were asked as to whether it was lung; breast; colon, bowel, or rectum; lymphoma; leukemia; melanoma or other skin cancer; or other cancers; malignancy or tumor. The presence of skin cancer was disregarded because it does not have the life-threatening implications of the other cancers.
Survival Status
At each annual contact, survival status was determined, and confirmed by search of the National Death Index. Date of death was obtained from death certificates.
Data Handling
Age and education (truncated at 17 years) were treated as continuous variables. Sex (male = 1; female = 2) and race (White = 1; Black = 2) were dichotomized. Each of the five health conditions examined (hypertension, CAD, CVD, diabetes, cancer) was coded 0 if reported to be absent and 1 otherwise.
Statistical Analysis
Descriptive statistics were used to characterize the sample (see Table 1 ). Logistic regression analysis was run to identify the demographic correlates specific to comorbidity for each health condition present at baseline (see Table 2 ). For each of the health conditions, odds ratios derived from logistic regression analyses were calculated to determine the baseline association, adjusted for age, sex, education, and race, with each of the other health conditions (see Table 3 ).
Survival analysis (Proportional Hazards procedure-PROC PHREG in SAS software), with demographic characteristics controlled, was used to determine the risk of developing a specific comorbidity given the presence of a particular disease at baseline (see Table 4 ). Incident health conditions were treated as time-varying covariates. Censorship of a case occurred in the presence of death or drop out (the latter was minimal). All subjects, including those with none of the health conditions at baseline and those with multiple conditions, are included in these analyses. A set of survival analyses was run to examine time to death (see Table 5 ), with the successive addition of demographic variables (Model 1), presence of each of the five health conditions at baseline (Model 2), and any comorbidity at baseline (Model 3). We also examined the effect of specific comorbidity at baseline. Because approaches that take weighting and design effects into account were not available for all the statistical procedures used, data have been run without adjustment for these characteristics. All procedures were run using SAS.
RESULTS
Nearly one third of the sample was between the ages of 75 and 84, nearly two thirds were younger and 7% were older (Table 1) . Two thirds were female. The education of over half the sample had ceased at 8th grade. Just over a quarter of the sample reported none of the five health conditions examined, 42% reported one condition, and 29% reported more than one.
The most prevalent health condition was hypertension (reported by 57%), followed, in descending order, by diabetes (20%), CAD (15%), cancer (9%), and CVD (9%). Among those reporting any one of these conditions, between 47 and 88% reported a second of these conditions. Nearly a third of the sample died over the 6-year course of the study.
The prevalence of hypertension, CAD, CVD, diabetes, and cancer varied by race. Hypertension was the most frequently reported condition for both Black (63%) and White elderly (50%), followed, for White elderly persons, by CAD (17%), cancer (16%), diabetes (15%), and CVD (8%); and for Black elderly persons, by diabetes (24%), CAD (13%), CVD (10%), and cancer (8%). Thus there are notable racial differences in report of diabetes and cancer. Overall, the Black subjects reported more health conditions than the White subjects.
Using separate models, Table 2 identifies the demographic correlates specific for comorbidity at baseline with each of the indicated health conditions. Age, gender, education, and race were not related to comorbidity with CVD or cancer. Among those reporting hypertension, however, the odds of a comorbidity (CAD, CVD, cancer, or diabetes) was reduced 1% for each additional year of age, and 3% for each additional year of education; it was 27% greater for women than for men, and 32% higher for Blacks than for Whites. The odds of a comorbidity with CAD (concomitant presence of hypertension, CVD, diabetes, or cancer), was reduced by 7% for each additional year of schooling, and was approximately two thirds less for Blacks than for Whites. All demographic characteristics were associated with comorbidity with diabetes; older age (perhaps because of selective survival) and increased education were protective, reducing the likelihood of the concomitant presence of hypertension, CAD, CVD, or cancer by 3% for each additional year of age and 4% for each additional year of education. It was 51 % greater among women, and 60% greater among Blacks.
With demographic characteristics controlled, there was significant comorbidity among hypertension, CAD, CVD, and di-M86 F1LLENBAUMETAL. abetes (Table 3) , with odds ratios ranging from 1.44 to 2.53. None of these four conditions was significantly associated with cancer.
For the entire sample, the average annual incidence of disease was 1.8% for diabetes, 2.1 % for cancer, 2.6% each for CVD and CAD, and 7.1% for hypertension. Neither baseline report of CAD nor cancer predicted the development within 6 years of any of the other conditions examined (Table 4) . However, report at baseline of hypertension, CVD, and diabetes significantly increased the risk of developing CAD by 56, 60, and 49% respectively. In addition, report of diabetes also significantly increased the risk of developing CVD (by 50%) and cancer (by 52%). When a comorbidity was already present at baseline, there was no statistically significant risk of developing a third condition over the following 6 years.
In our final analysis (Table 5) , we examined risk of dying. With the exception of race, which did not predict death, the demographic characteristics had the expected effects, which were barely modified by the inclusion of health conditions. Thus, risk of death increased with age (by 7-8% for each additional year), was significantly less for women (56% of that for men), and for those with more education (decrease in 6-year risk of death of 3% for each additional year of schooling). Ignoring comorbidities, each condition individually, except hypertension, was found to be predictive of death, ranging from an increased risk of death within 6 years of 40% for CAD, to just more than doubling for CVD (Table 5 , Model 2). The presence of comorbidity (Table 5 , Model 3) per se was found to be a significant predictor for risk of death. It also reduced the risk ratios of each of the five health conditions, probably because of its correlation with them. However, when the dummy variable was replaced by the specific comorbid combinations (data not shown), none was found to significantly increase the risk of death. Thus, it did not appear to be a specific combination of conditions, but comorbidity per se that was a risk for death.
DISCUSSION
The data presented here are drawn from the Duke EPESE study (19) . The health conditions examined include hypertension, one of the most prevalent health conditions in the elderly (8); and CAD, CVD, cancer, and diabetes, the four leading causes of death for Blacks 65 years of age and older, and among the six leading causes of death for Whites of the same age (18). We have focused on the demographic correlates of comorbidity among these conditions, the extent to which comorbidity is present, the determinants of incident comorbidity (i.e., of Comorbidity developing after entry into the study), and the relationship of these conditions and the comorbidities among them to mortality.
The demographic correlates for comorbidity are comparable to the demographic risk factors for the target conditions when these are examined in isolation, i.e., the comorbidity does not appear to affect the association with the demographic characteristics. Largely in agreement with our findings, examination of the health conditions in isolation indicates that increased age, female gender, lower education, and black race are risk factors for hypertension (21) . Risk factors for heart disease include increased age, female gender, and white race, with gender and race differences decreasing with increased age (22) . With the exception of age, which they found to be a risk factor for stroke, Manolio and colleagues (23) , in their representative communitybased sample, also found that gender and race were not risk 
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factors for stroke (education was not considered). With respect to diabetes, however, both the community-representative PAQUID study (24) and the National Health Interview Survey (22) found a significantly higher prevalence in men than in women. Moritz and colleagues (13) , examining all four EPESE sites independently, found that although this gender difference held for Whites, for Blacks it was absent at one site (New Haven) and reversed (i.e., higher prevalence among women) at the other (Duke) site. Further study is needed to determine whether this relationship is a region-specific or race-specific phenomenon.
We found that none of the demographic characteristics was associated with comorbidity with cancer. Cancer, as here examined, includes a multiplicity of conditions, each of which may have its own demographic risk factors, which when considered in combination may cancel each other out.
One of our main concerns is the extent to which the health conditions examined here are found in combination. With demographic characteristics controlled, we found a significant association among hypertension, CAD, CVD, and diabetes, but no significant association of any of these four conditions with cancer. The relative risks of hypertension and CAD and hypertension and CVD are included in the ranges reported by a 25-year survey of the studies of men with these disorders (25) .
As Roth (26) and others (10, 11, 23, 27) have pointed out, there are notable associations among hypertension, cardiovascular disease, cerebrovascular disease, and diabetes. Association of any of these conditions with cancer is rare. Roth indicates that roughly 75% of persons with stroke also have a heart condition and that the presence of heart disease at least doubles the risk of stroke, a report confirmed by our data (OR = 1.83 for heart disease plus stroke). Our data, with an OR of 2.53 for the association of hypertension and stroke, similarly confirm Roth's review of the literature indicating that 50-84% of patients with stroke have hypertension. Although association among these conditions has long been established, data from the Duke EPESE site indicate the strength of association in a communityrepresentative sample, as compared to information from a clinically derived patient population.
Information on association among conditions does not indicate causality. The data in Table 4 present a step in that direction. Although the association between hypertension and the other health conditions examined is, with the exception of cancer, statistically significant (Table 3) , Table 4 indicates that these conditions are not significant precursors of hypertension. Rather, hypertension is a significant risk factor for CAD. Diabetes is a risk factor for both CAD and CVD, although the reverse is not true, whereas CAD and CVD tend to have a reciprocal relationship, with CVD being a greater risk for CAD (p > .03) than the reverse (/». 11). These findings are in agreement with recent reports indicating that patients with hypertension are at increased risk for a cardiovascular event (28, 29) , and that those with diabetes are at increased risk of CAD and CVD (30, 31) , even, as here, with sociodemographic and selected clinical characteristics controlled.
Contrary to expectation (5), the presence of comorbidity was not found to be a risk factor, within the next 6 years, for the development of yet another of the diseases examined here. This may reflect a survival effect, for those with comorbidity are at greater risk of death and die sooner. Consequently they have less opportunity to develop an additional condition. Those with comorbidities who survive may be hardier, and less likely to succumb to another condition.
Data from this community-based sample do not permit determination of the mechanisms leading to the development of the diseases examined, but they indicate the direction and strength of risk of developing a specific additional condition, information critical for targetting intervention.
With the possible exception of race, the demographic characteristics predict mortality in the expected manner. Unlike the U.S. as a whole, in the Duke EPESE geographical area the mortality rate of Blacks is comparable to that for Whites. Similar findings have been reported from the Longitudinal Supplement on Aging (32) , and the NHANES-1 Epidemiologic Followup Study (33) .
In accord with previous findings, net of demographic characteristics, CAD, CVD, diabetes, and cancer significantly increase the risk of death, which is further increased by comorbidity (34, 35) . Specific comorbid conditions, however, do not increase the risk of death. This may reflect sample size (the number with any comorbid condition is, obviously, greater than the number with a specific comorbidity), reducing correlation with individual health conditions, or both.
The present study has certain limitations. The data come from a limited geographical area in the southeastern region of the U.S. This is a region recognized as high risk for adverse health outcomes related to hypertension, i.e., increased mortality due to cerebrovascular disease, ischemic heart disease, and diabetes mellitus (36) . Consequently, some of the associations found among conditions may be increased.
We relied on self-report (or proxy report in approximately 5% of cases) for information on the health conditions examined here. Such data have, however, been found to be accurate (37, 38) . Medical records were not sought, and physical examinations were not performed. Nearly all sample members report a usual place of medical care, but there is no assurance that all these conditions would necessarily have been checked and identified, or that the criterion for determining the presence of a condition was uniform across providers. Thus conditions may be under-reported.
Few studies of multiple health conditions look at the same set of conditions. Consequently, our finding that nearly 30% of Duke EPESE sample members report none of the conditions examined here cannot be used as an indication of the health status of this sample. Studies using other sets of conditions (which include some of those examined here) have reported that from 21% (16) to 77% (15) had none of the health conditions reviewed.
The Duke EPESE study is based on a complex sampling design, adjustment for which is not available for many of the procedures we used. The major stratification variable was race, and this has been included in all analyses; the associations found can be expected to hold generally.
Finally, the major strengths of the study also lie in the design and the location. This study includes a substantial number of Black subjects, resulting in increased precision of information for this inadequately studied group. Both urban and rural residents are similarly represented, although there is little indication that population density is a risk factor for the health conditions examined. A broader variety of demographic characteristics, in particular education, was taken into account. We are examining medical conditions of major importance: CAD, CVD, diabetes, cancer, all health conditions which are among the major causes of death; and a condition, hypertension, of substantial prevalence that is closely associated with three of them. These five conditions do not appear to have been considered in conjunction previously. The more precise information provided on the association among these five conditions, risk for incident conditions, and the implication for mortality, indicate more clearly where medical intervention is needed, and the groups to which public health intervention should be addressed.
